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ƶƬůźƯƽƯƕƹźƃƲǀƫŚƯźƟƢƿŹżţƩŚŞƳŵƶŝŚƘƿźſŵŹŵƾƶºƧŵƺƃ
ƱŚƄƳƵŶƳźǀĭƮǀƤŤƀƯŢǀƫŚƘƟźĭƯƽŚƷŢſřŵŹŵƾƐǀŰƶŝƩŚŞƳŵ
ƶƬůźƯƽƶƬůźƯƩƹřƽƽŚƷŹŚŤƟŹƪƯŚƃŻŚƟźŤƴƿř ƮųƪŨƯƽŵŹŵ
ŝƶƧŚěƱŵŻžǀƫƹƱŵřŵƱŚƨţŚěƱŵźĩƶŚºƿƶŤƟŚƿƂƷŚƧŪƿŹŶţ
ƯƖƐƣƾŶƳƺƃźŨƧřŶůƲǀƫŚƯźƟƱƺƯŻōƭƹŵŻŚƟÎÒŻřŶƘŝƶƤǀƣŵ
ƯƕƹźƃƢƿŹżţƾƵŶºƴƴƧžƨƘƴƯƶƧŵƺƃƽƹƾºƐǀŰƯŢºǀƫŚƘƟ
ſŚƀůƂƿřżƟřśŚƈƗřŢǀŢºſřƽżƧźƯÎÓƹÎÒ ŢųŚƴºƃ
ƳŚĪƯǀƮƀŞƈƗżĩřźƯƹŚƷƾĭŹŵǀƶºƬůźƯŹŵźƽřƩƹřƿƹŻŚºƟźŤƴ
ŻŚƟÏƫŚƯźƟƱƺƯŻōǀƳŚĪƯŢųŚƴºƃŹŵƲºǀƮƀŚºƷƽƹƲƯżºƯŵŹŵ
ſǀŶƘţƮŤƀƿƵŶƴƴĩƪƽºƫƹżƳƾºƯƮºƸƯŵŹŵƾŶºƃŚŝŢƀºţŹŵ
ƃŚƳŵŚůŵŹŵƙřŵƶŰƠƇƱƺƯŻōƾřŚƯźĭŻřƿºƯŵŚºŬƾƶºĩŵƺºƃ
ŻřšƹŚººƠŤƯřŵŹŵƿƫŚººƯźƟƱƺººƯŻōŻřƵŶººƃŵŚººŬǀƶººĩŢººſřƲ
ŝƶſƹǀƶƬƽŹżţƿƵŵŚºƯƢƽºƃǀưǀŚƾƿƫŚºƯźƟǀřƲƿºƯŵŚºŬƾŵƺºƃ 
řŻřº ƿřŹŵƹŹƲººƿƤŰţƲººǀƛźººŧřƢº ǀƶŤƀººƷƱŵźººĩƩŚººƘƟźƽ
žƿŹǇƺƬſƺŤƳŚĮƿĥřŹŚě (LPGi)ƹŹřŹƽƫŚºƯźƟƱƺƯŻōŵŹŵǀƹƲ
ƶŰƠƇƱƺƯŻōƽſŹźŝƙřŵƾŵźĩƿƮ
 
ſŹźŝƁƹŹƾ
ŻřƂƷƹĦěƲƿřŹŵƁƺƯŵřĦºƳźºƳŶǀƠºſƾƿřźŰºƇƽŚºƷ 
ƹƿƵŵƹŶŰƯŹŵŹŚŤƀƽƾƳŻƹÏÍÍŚºţÏÒÍƺŤǀŤƀºƳřŻřƶºƧƭźºĭ
ŵƺŝƵŶƃƶǀƸţƽŻřŹŵźĭƵŵŚƠŤſřƿŶůǀŹŵƵŵŚƠŤºſřŵŹƺƯšŚƳřƺ
ƺŤƳŚĮƿĥřŹŚěƶŤƀƷƪųřŵƶŝƲǀŗŚĩƹŶǀƫƢƿŹżţźŧř
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ƵƹźĭŚƷƽŢƄƷŚţƾƿŹŵžƠƣŚƷƽƵŻřŶºƳřƶºŝīŹżŝƽÓÍÑÍ
ŤƳŚſƾſźŤſŵŚŝƹźŤƯƾƶƤŞƏřŸƛƹśōƶŝƪƯŚĩŶƴŝƽƹŶƳŶºƃ
ūŹƺƔƴƯƶºŝĭƺºƬǀźƽŽźŤºſřŻřŚºƷƽŚºƯŵƶŤºſřƺųŚƳƽƪºŰƯ
ŹřŶƸĮƳƽůǀŞſŚƴƯŶůŹŵšŚƳřƺƾÎtÏÏƶūŹŵƾŤƳŚſƽŵřźĭ
ŻřƹŶƃƒƠůƜţºǀǀŶºƃšřźƿĭƺºƬūƱōŶǀźƽŶºƯōƪºưƗƶºŝ
ƴĤưƷǀůƲǀŚƴƃƹŹƉźƘƯŹŵšŚƳřƺƾƿÎÏřźºŝƶŤƗŚſƽƢŝŚºƐţ
řźƃŚŝƿŞƏƎǀƘƾŶƴŤƟźĭŹřźƣƁƺƯƵŵƵƹźºĭŹŚºƸģŹŵŚƷŚºţƾƿ
ĩƵƹźĭƪƯŚƃƩźŤƴŹżţƎƤƟƿƢêåƯǀƫƹźĪǀƫŚƯźƟźŤǀƞºĩŹŵƲ
ŚěƮƃŹřŸĭƩŚƳŚĩƎƤƟƽŹżţƹƿƢêåƯǀƫƹźĪǀƫŚºƯźƟźŤǀŹŵƲ
ŚěƞĩƩǈůƩźŤƴĩŹżţƿƫŚſƢǀƶŤƀƷƪųřŵƲƽƹźƔƳŵŹƺƯ
ŹżţƿƢêåƯǀƫƹźĪǀƫŚƯźƟźŤǀŚºěƞĩŹŵƲŹżţƹºƿƢƲǀƿŚƧƹŶºǀƫ
ŹżţºƿƫƢºǀŚĩƹŶǀƿƶŤƀºƷƪºųřŵƲƽŹżţƹźºƔƳŵŹƺºƯºƿƢêå
ƯǀƫƹźĪǀƫŚƯźƟźŤǀŚěƞĩŹŵƲƀƤţǀŶƴŝƮƽŶƳŶƃƵƹźºĭżūƶŝ
ŵƵƹźĭƶſƩźŤƴĩƿůřźūŢŰţźĮƾƀĩŚţƺŗźŤſřƾŶƴŤƟźĭŹřźƣ 
ƽŹřŸººĭƩƺƳŚººĩƹƾººůřźūŚººƷƹŹřŵƢººƿŹżţƭŚººŬƳřƽřźººŝ 
ƩƺƳŚƧƶŤƀƷŹŵŚưƴƷřŹƽŚƷƽŶºƃƶºǀŞƘţƂƿŚƯŻōŵŹƺƯƽřźºŝ
ƱŶƃƁƺƸǀŝŻřžěƱřƺǀůƽŹřŸĭƩƺƳŚƧĩźţŚºŝºǀŜƯŚºŤĩǀƲ
æååƾƬǀƯƺºƬǀƧŹŵƭźĭƭźºĭřŻƹƿŻǈºƿƲæåƾºƬǀƯŹŵƭźºĭ
ƺƬǀƧƭźĭƶºǀůŚƳŢºſƺěƹźƤŤƀºƯƾƀƧŚţƺŗźŤſřƵŚĮŤſŵŹŵƽ
ŶƃƵŵřŵƁźŝƱřżǀƯƪƣřŶůƶŝźſŢƟŚŝƱŵŻŹŚƴƧŻřžěƽŚƷ
ƶºūƺţŚŝƹƵŶƃƾƿŚſŚƴƃřŶŞƯǇƹŚưĭźŝƾůřƺƳƝřźƏřƾƄƃƺě
ƶƬƇŚƟƶŝƽƱōƬºƇŚƟŚºŝƱōŢŞƀºƳƹŚºƷŹŵƵŶºƃźƧŷƶžºƬƏř
ŽƺƴǀƀƧŚěÎÕƶŤƀƷƶŝƢƬƘŤƯƶưŬưūŮƐſƾůřƺƳƽŵŹƺƯ
ŵźĭƆŴƄºƯƂƿŚºƯŻōºƿŶƢƏŚºƴƯƽŹřŸºĭŢºƯǈƗŻřŶºƘŝ 
æçAP: ëæ L: ƹ ÓÎÍ H:ƶŤƯŻřƵŵŚƠŤſřŚŝƽƱřŶƳŵƾƨƃżě
ƵŻřŶºƳřƶŝŚưƴƷřŹƩƺƳŚƧƹƵŶƃŵŚŬƿřƽŸƠƴƯŹƺƧŸƯƪŰƯŹŵƽ
ÏƯǀƬƾƵŚţƺĩźŤƯřźºŝžºƬƏřŹŵƆŴƄƯƢưƗŻřźţƽƶŤƀºƷƽ
źƔƳŵŹƺƯƶŝſōƂƷŚĩŹƺƔƴƯǀŹżţƭŚºĮƴƷŚţƶŤƀƷŜºƿƢŹŵ
ƶºưŬưūƽƹŹŹŵƱōƾºƿƹŹŢưƀºƣƹŶºƃźƤŤƀƯżƜƯƱƹŹŵ
ŝƶƶƬǀſƹƽƱřŶƳŵƱŚưǀſŵźĭŢŝŚŧƾƨƃżěƿŶƦºģƺƧĢǀěƹŵ
ƦƴǀƗĢǀěƹƶºǀŞƘţƶºưŬưūƱřƺŴŤºſřŹŵƱŚưǀºſƱƹŹŵŹŵ
ƱřŶƳŵŢƟŹƹźƟƾƨƃżěƽŻŚºſŮƬƀºƯƮºƨůŹŵĢǀºěƹŵƲƿř
ƵŵƺŝƱŚưǀſŻřƽźǀĭƺºƬūƶºưŬưūŮƐºſŻřƱōƱŶºƃřŶºū
ƾƯƧźŵºŝƶºưŬưūƱƹźºǀŝŹŵŚºưƴƷřŹƩƺƳŚºƧŸƠƴƯƶƶƬǀºſƹƽ
ƱŚºƯŻŹŵƎƤƟƹŶƃŵƹŶƀƯƾƇŚųƁƺěŹŵƹŹřŵƢºƿŹżţƽŚºƷ
ƶŤƃřŵźŝŶƃƵŻřŶƳřŚŝƩƺƳŚƧƦƿƽƥŻŚƳƵźưƳƱŻƺſŻřƶƧźţƽ
ÐÍƵŻřŶƳřƶŝŢſřƶƧƽřÏƾƬǀƯƪºƿƺƏźŤƯƩƺƳŚºƧƥƺºƳŻřźºţ
ŚưƴƷřŹŶƃŚŝƶƫƺƫƦƿƶŝƝźƏƦƿŻřƹƶǀƸţƽƾƬěƥŻŚƳƲƬǀţř
ŶƃƪƇƹƶºƫƺƫźĮƿŵźſƽƾºƬěƢºƿŹżţżƿŹƮŤƀºǀſƶºŝƲƬǀºţř
ŢưƀºƣŹŵƾºƤƿŹżţƵŵŚºƯƮºŬůƆŴƄƯŹřŶƤƯƹƵŶƃƪƇƹ
ŶƃŵŹřƹƢƿŹżţƩƺƳŚƧƥƺƳƦºƿƁƺºƯƾůřźūƭŚưţřŻřŶƘŝ
ƵŹƹŵƶŤƠƷƽŵźĩƾƏřŹƽŵƺŞƸŝÎÐƹÎÍÒ
ƲǀƫŚƯźƟƱƺƯŻō:ƾºſŹźŝƹƵŶƷŚƄºƯŹƺºƔƴƯƶºŝŢƀºţƲƿřŹŵ
ƶƔƠŰƯĨƿŻřƱřƺǀůƽŚƷŹŚŤƟŹƽƶºŝŮƐƀºƯƞºĩŚŝƝŚƠƃ
ŵŚƘŝřÐÍÐÍÐÍžƴūŻřƹ ƀĩǈěƾŽǈĭ ŶƃƵŵŚƠŤſřƽřźŝ
ƵŶƷŚƄƯƽƶŬƴěƽƝŚƠºƃƶºƔƠŰƯƲºƿřźºƿŻŹŵƱřƺºǀůƽŚºě
ōǀƿƶƴŶƃƶǀŞƘţƽřŢƀţƲƿřŹŵÒÍƲǀƫŚƯźƟƩƺƬŰƯźŤǀƫƹźĪǀƯ
ÏŶƇŹŵƶŬƴěŢſƺěźƿŻƶŝƽźºſĨºƿƎºſƺţƱřƺºǀůƽŚºě
ƵźưƳƱŻƺſƽÐÍŶƃƢƿŹżţƱřƺºǀůƲǀƫŚºƯźƟƢƿŹżţƩŚŞƳŵƶŝ
ƶºƗƺưŬƯƵŶºƃŚºƤƫřƽŚºƷŹŚŤƟŹŻřƽřƽŚºƷŹŚŤƟŹƹƲǀƫŚºƯźƟŚºŝ
ŵƱŚƄƳřŹƽŵƺŴŝŵƺųřƶŝƶĩŵōƱƵźºưƳŚƷƽÍŚºţÐŶºƃƵŵřŵ
ƶŞţŹƽźƠƇºŝƱřƺºǀůƽŚºěƶŹřźºƣƲǀºƯŻƽƹŹƾºƘǀŞƏŹƺºƏ
ƯƾĭǀƶŞţŹŵźƦƿƽŹřźºƣƲǀºƯŻƽƹŹƽźƈºŤŴƯƱřƺǀůƽŚě
ƯƾĭǀƶŞţŹŵźƹŵƽƹŢºſřƵŶºƃƵŶºƴĩƲǀºƯŻŻřƱřƺǀůƽŚě
ƶŞţŹƽƶſŹƂƿŚěƱřƺǀůƾƯŻŚĭřĭºǀƾºƯžǀºƫŚºƿƹŵźŻºƳŶ
ÎÐƹÎÍÒ.
ƶŰƠºƇƱƺºƯŻōƽƙřŵŚºƯźĭƽƶŰƠºƇƽŹŵƙřŵÒÏƶºūŹŵƽ
ŤƳŚſƾƔƴţŵřźĭǀůƹƵŶƃƮǀƹŹƱřƺƽřºƿƶŰƠºƇƲƽŹřźºƣƙřŵ
ƯƾžĪƗƱŚƯŻƹŢƟźĭƪưƘƫřƿůŚţƭŻǇƱŚƯŻšŶƯŚǀƶºŝƱřƺ
ŶƷŶŝŲſŚěŵŹŵħźŰƯƳŚŧŜƀůźŝǀƵŻřŶƳřƶĭǀźƽŶƃƱŚºƯŻ
žĪƗƳŚºƯŻƶºŝƖƣřƹŹŵƪưƘƫřƾºƯơǈºƏřƾůŚºţŵƺºƃºǀƱřƺ
ƶŬƴěŚƷƽƫřŹŵƺųǀƹŶƳżŝžƿƶºƔƠŰƯŻřŚƽŤºſǈěǀĪƾƹŹƽ
ƱřŹŚƨưƷƹƽźƸƯŹŻƽŹŵĥřƲƀů 
ƶƬŬƯƽƵŹƹŵƱŚŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾƨƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽÏÎƵŹŚưƃƽÕÒźǀţƹŵřŵźųÖÏ
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ŝƶŝƙřŵƶŰƠƇǀŵźĜŝƱƹźĭƺºƬūŢºƸūǀźƽºſōŻřǀŤƟŚºŝŜƾ
ƶºưţŚųƱŚƯŻƽƱƺºƯŻōoff Time-CutëåƳŚŧºǀźºƔƳŹŵƶ
ŶƃƶŤƟźĭřƿřźŝƱƺƯŻōƲƽƁƺƯźƷæêƣŵǀƶƤƹƪºŞƣèåëå
ƹîåƣŵǀŹżţŻřŶƘŝƶƤƿƢƹƩǈůƿŚƲǀƿŚƧƹŶǀƫƭŚºŬƳřŢºƟźĭ
ŚŤƳƿƶŝŪųŚºţƱŚƯŻƪĪƃƶŝƵŶƯōŢſŵǀƶºŝƪºưƘƫřžºĪƗŹŵź
ŵŹŵatencyLPain ƳŚŧŜƀůźŝǀŝƶǀƱŚŹƺºƔƴƯƶºŝƹŶºƃ
ůƱŵźĩšŵŚƗǀºŰƯƶºŝšŚºƳřƺǀřźºŝƎƽƱŶƳŚºſŹƪƣřŶºůƶºŝ
ŽźŤºſřèƁƺºƯƙřŵƶŰƠºƇƱƺºƯŻōŻřƪºŞƣŻƹŹƶºƳřŻƹŹŚºƷ
ƶŝšŶƯèƣŵǀřźŝƶƤƽŚƴƃōƾƿŰƯƶŝǀƹŹźŝƎƽƶŰƠºƇƱƺºƯŻō
ƵŵřŵŹřźƣƁƺƯŚųƙřŵŶƳŶƃƴĤưƷǀřźŝƲƽšŚƷŚŞŤºƃřƂƷŚĩ
ƳŚƀƳřƾƯŚưţƾřƿƎſƺţŢƀţƲƿŶƃƭŚŬƳřŵźƟĨ
ŚţǀƿŤƟŚŝŶƾŚěŹŵƿŚƯŻōƱŚƿŹżţŚŝšŚƄƿƯŚºŤƴěĬƳŹƢǀĪºſřƲƾ
ſŹźŝƹƪŰƯŹŵƺƬŝƾƁźŝŚƷƽżƜƯƽŹżţºƿƢƲǀƿŚƧƹŶºǀƫŹŵ
LPGiŚţǀƿŵźĭŶƿŶƪĪƃææå
żŬţƁƹŹºƿƬŰţƹƶºǀƵŵřŵƪŚºƷ ƫŚºƯźƟƱƺºƯŻōŹŵǀƲřźºŝƽ 
źƷÎÒƳŚŧǀƶƿƵźưƳĨƽŝŵŹŵƶſƹǀƶƬƽƵŶƴƴĩƵŶƷŚƄƯŢŞŧŶƃ
ƹƯƕƺưŬƯǀĮƳŚǀƣŵźƷŹŵƱŚƯŻƲǀƯŻřƹŶƃƶŞſŚŰƯƶƤǀĮƳŚǀƲ
źƷÐƣŵǀřźŝƶƤƽŢưƀƣAƹŹřŵƺưƳŻřƯƕƺưŬƯǀĮƳŚǀƱŚƯŻƲ
ÔƣŵǀƶƤřźŝƽŵŚůŻŚƟÔƣŵǀƩƹřƶƤÔƣŵǀřźºŝƶƤƽřƿŻŚºƟźºŤƴ 
ÔƣŵǀƭƹŵƶƤƹÔÒƣŵǀřźŝƶƤƽƲƯżƯŻŚƟÔÓƣŵǀŚěƶºƤºƿƳŚƾ
ŚŤƳƹƶŞſŚŰƯƿŪƶŝšŹƺƇMean ± SEMŶºƃƵŵřŵƱŚƄºƳ
řźºŝƽżŬţºƿƬŰţƹƶºǀƵŵřŵƪŹŚºƯōƱƺºƯŻōŻřŚºƷƽT-testƹ
ANOVAººƿƶººƟźƏĨƱƺººƯŻōŻřƹTukeyƶººŝƱřƺººƴƗ
ƱƺººƯŻōŚººƷƽpost-hocŵźĭƵŵŚƠŤººſřººƿƭŚººưţŹŵŶŵŹřƺººƯ 
åêåP<ƴƘƯƾƤƬţŹřŵƾŶƃê
 
ƿƶŤƟŚŚƷ 
ƃŚƳƽŵŹŵƽŚƷŹŚŤƟŹƾŹżţŻřºƿŚºěƞºĩŹŵƲǀƫŚºƯźƟƢƽ
ůǀƩźŤƴĩƵƹźĭŹŵƱřƺƽŵŹŵƽŚºƷŹŚŤƟŹŜŞſƲǀƫŚƯźƟƢƿŹżţ
ƵŻŚºŝŹŵƶºĩŶƃƽƳŚºƯŻƾÖÍƣŵǀŹżţŻřŶºƘŝƶºƤºƿƫŚºƯźƟƢǀƲ
ŵźĭƵŶƷŚƄƯƿŶřƿřƶĩƵŶƃƪǀĪƄţŻŚƟƹŵŻřŚƷŹŚŤƟŹƲºƿƹŵƲ
řƎſƺţŻŚƟƿŻřŻŚƟźŤƴƿŶĪƿƯřŶūźĮƾŵƺƃƣŵŻřƩƹřŻŚƟǀƶºƤÍ
ŚţÔƯƾŚºƷŹŚŤƟŹƩƹřŻŚºƟŻřŶºƘŝŶºƃŚŝƽŵŹŵƽºƏƾƶºƬůźƯ
řƿƣŵŻřƶĩŻŚƟźŤƴǀƶƤƽÕŚţÎÑƯƾěƂƷŚĩŶƃŚŝºǀºƯřŶƾŶºƴƴĩ
ƯƕƹźƃƭƹŵŻŚƟžĜſƾřƶĩŵƺƃƿƣŵŻřƶƬůźƯƲǀƶºƤƽÎÒŚºţ
ÖÍƯƾƛźŧřƱŶƃƆŴƄƯŢƸūƹŶƃŚŝǀƶŤƀƷƱŵźĩƩŚƘƟźƽ
LPGiƹŹƽŢƀŴƳŢưƀƣƿŚƸŤƳřŚƾƿřƭƹŵŻŚƟƿƶºŝƶƬůźƯƲ
ƀƤţŢưƀƣƹŵǀƵŶƃƮA2ƣŵŻřǀƶºƤÎÒŚºţÓÍƹB2ƪƯŚºƃ
ŚƷŹŚŤƟŹƽŵŹŵƽƣŵŻřǀƶƤÓÎŚţÖÍŢſřÎÖ
ƃŚƳƽŵŹŵƽŚƷŹŚŤƟŹƾŹżţŻřƿŚěƞĩŹŵƲǀƫŚƯźƟƢƽůǀŹŵƱřƺ
ƮƃƵƹźĭŚºƷŹŚŤƟŹƮºƃƵƹźºĭŹŵƽŵŹŵƽŻŚºƟŹŵºƿƹŵƹĨ
ƜţƱƹŶŝǀǀŵƺŝźŚºƯřƶºƬůźƯƽřƿřŹŵŻŚºƟźŤƴºƿƂƷŚºĩƵƹźºĭƲ
ºƴƘƯšƹŚºƠţƩźºŤƴĩƵƹźĭƶŝŢŞƀƳƶĩŢƃřŵƾŹřŵƽŢºƃřŶƳ
ŹřŵƺưƳƿŢưƀƣĨB
ŹżţźŧřºƿƫŚºſƢǀŹŵƲLPGiŤƟŹźºŝŚºƷŹŚƽŵŹŵƽºƃŚƳƾŻř
ƫŚƯźƟǀƲřŹŵƿºůřźūŢŰţƶĩƵƹźĭƲƾŶºƳŵƺŝƶºŤƟźĭŹřźºƣ
ƫŚſǀƶŤƀƷŹŵƲƽLPGiŹżţƿŶƃƢźƘţŽŚſřƿřƞƿƵƹźĭƲ
ſŹźŝƾŹżţŻřƪƇŚůŹŚƄƟźŧřƿƮºŬůƢÎƯǀƫƹźĪǀźºŤƽŵŹƺºƯ
ŵƺŝŚƯźƔƳřŹŵƿƷŹŵƵƹźĭƲǀƶƬůźƯĢřƽºƴƘƯšƹŚºƠţƾŹřŵƽ
ƵŶƷŚƄƯƩźŤƴĩƵƹźĭŚŝŶƄƳƳŹřŵƺưÎ
ŹżţźŧřƿƢƲǀƿŚƧƹŶǀƫŹŵLPGiŚƷŹŚŤƟŹźŝƽŵŹŵƽƃŚƳƾŻř
ƫŚººƯźƟǀƲřººƿƳƵƹźººĭƲººǀººůřźūŢººŰţżƾƹžĩŚţƺŗźŤººſř
ƩƺƳŚĩŹřŸĭƽƶŤƀƷŹŵƽLPGiřŹŵƹƶºŤƟźĭŹřźºƣºƿƶºƐƤƳƲ
ƲǀƿŚƧƹŶǀƫÏŶƇŹŵƮŬůŚŝƿƯĨǀƫƹźĪǀƹźŤÎÍƣŵǀŻřƪºŞƣƶƤ
ƫŚƯźƟƱƺƯŻōƭŚŬƳřǀŹżţƲƿŶƃƢƵźºưƳƽºƯŻōƫŚºƯźƟƱƺǀřƲºƿƲ
ŻŚƟŹŵƵƹźĭƿřƹĨƿźŤƴƂƷŚºĩƩźºŤƴĩƵƹźºĭƶºŝŢŞƀºƳŻŚƟ
ƴƘƯƾŹřŵƽŢƃřŵåêå<PƴĤưƷǀƵźưƳƲƽƫŚƯźƟƱƺƯŻōǀƲ
řƿŻŚƟƂŴŝƹŵźƷŹŵƵƹźĭƲÏƳºǀƩźºŤƴĩƵƹźºĭƶºŝŢŞƀºƳż
ŢƃřŵƂƷŚĩƎƤƟƶĩřƩƹřƂŴŝŹŵƿºƴƘƯƶƬůźƯƲƾŹřŵŵƺºŝ
ŹřŵƺưƳÏ













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ƺưƳŹřŵÎŚƤƯƿƶƀƽƵźưƳƽƩǈůƵƹźĭƹƮƃƵƹźĭƩźŤƴĩƵƹźĭŹŵƲǀƫŚƯźƟƱƺƯŻōAŻŚƟŹŵƵźưƳƲǀĮƳŚǀƯƾƳƺŤſŹřŵƺưƳƹÎƣŵǀƶƤ
ÍŚţÔŻŚƟźŤƴƿřƣŵǀƶƤÕŚţÎÑŻŚƟƹA2ƣŵǀƶƤÎÒŚţÓÍƹB2ƣŵǀƶƤÓÎŚţÖÍƲǀƫŚƯźƟƱƺƯŻōƫŚſƵƹźĭŹŵǀƳƲǀŹżţŹŚƄƟżƿƢ
ƂƷŚĩŦƗŚŝŚěƂŴŝŹŵŵŹŵƿƳŚƾƶƬůźƯƽÏƵŶƃƴƘƯƶĩƾưƳŹřŵƾŶƃŚŝ



ŹřŵƺưƳÏŚƤƯƿƶƀƽƵźưƳƽŹżţƵƹźĭŹŵƲǀƫŚƯźƟƱƺƯŻōƿƫŚſƢǀƹƲƲǀƿŚƧƹŶǀƫAŻŚƟŹŵƵźưƳƲǀĮƳŚǀƯƾƳƺŤſŹřŵƺưƳƹÎƣŵǀƶƤÍŚţ
ÔŻŚƟźŤƴƿřƣŵǀƶƤÕŚţÎÑŻŚƟƹA2ƣŵǀƶƤÎÒŚţÓÍƹB2ƣŵǀƶƤÓÎŚţÖÍƲǀƫŚƯźƟƱƺƯŻōŹżţƿƢƲǀƿŚƧƹŶǀƫŻŚƟƶſźƷŹŵ
ƫŚƯźƟƱƺƯŻōǀŝŦƗŚŝƲƾŵŹŵƽřƹƵŶƃƿŝƲƾŵŹŵƽŻŚƟŹŵÎřƿŻŚƟƹŻŚƟźŤƴAçƴƘƯƾƯŹřŵƾŶƃŚŝÍÎÍ<P** and êåå<P *






ƱřŹŚƨưƷƹƽźƸƯŹŻƽŹŵĥřƲƀů 
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15 

ŹżţźŧřƿƢƲǀƿŚƧƹŶǀƫºƃŚƳŵŹŵźºŝƾƶŰƠºƇƱƺºƯŻōŻřƽƙřŵ 
ŚƤƯŹŵºƿƫŚºſƵƹźºĭŚº ŝƶƀǀƲřŹŵºƿƲºƃŚƳŵŹŵƱƺºƯŻōƾŻř 
ƶŰƠƇƱƺƯŻōƽŚƣŵŹŵƙřŵƿƢæêŹżţŻřƪŞƣƿƢƱřƺºƴƗŢŰţ
BaselineèåëåƹîåŻřŶƘŝŹżţƿƳŚŧŶůřƹŽŚſřźŝƢºǀƶ
ŶºƃŢºŞŧŽŚºſřźºŝŹřŵƺºưƳçŹżţƶºĩŶºƃƵŵřŵƱŚƄºƳºƿƢ 
ƲǀƿŚƧƹŶǀƫƱŚƯŻŹŵèåƹëåŝŦƗŚŝƾŵŹŵƽƵƹźºĭƶºŝŢŞƀºƳ
ƫŚſǀřƶĩŶƃƲƿŝƲƾŵŹŵƽƣŵŹŵǀºƤƶƽîåºŝŻřǀŵƺºŝƶºŤƟŹƲ 
ŹřŵƺưƳÐ

 
ŹřŵƺưƳÐŚƤƯƿƶƀƽƶŰƠƇƱƺƯŻōŻřƵŵŚƠŤſřŚŝħŚƳŵŹŵħźŰƯƶŝƲĪưƯƂƴĩřƹƱŚƯŻźŨĩřŶůƽŹżţƵƹźĭŹŵƙřŵƿƫŚſƢǀƹƲƲǀƿŚƧƹŶǀƫƪųřŵƶŝ
ƶŤƀƷƽLPGiħŚƳŵŹŵħźŰƯƶŝƲĪưƯƂƴĩřƹƱŚƯŻźŨĩřŶů ŶƇŹŵŚƣŵŹŵƿƢÍƹèåëåƹîåƣŵǀƶƤŹżţŻřŶƘŝƿŢƟźĭšŹƺƇƢ




ƪĪƃÎŚţƿǀſŚƴƃŢƟŚŝŶƾřźŝƽŹżţƪŰƯƱŵřŵƱŚƄƳƿƶŤƀƷƪųřŵŹŵƢƽLPGi







ƺŤƳŚĮƿĥřŹŚěƶŤƀƷƪųřŵƶŝƲǀŗŚĩƹŶǀƫƢƿŹżţźŧř
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řƹƿŻŚƟƹŻŚƟźŤƴ2AƫŚƯźƟƱƺƯŻōǀŹżţźŧřŹŵƲƿƢƲǀƿŚƧƹŶǀƫƶºŝ
ŞƳŚūƂŴŝƾƶŤƀƷƽĥřŹŚěƿŹǇƺƬſƺŤƳŚĮƿƯžƾŶƃŚŝºƴĤưƷǀƲ
ƶŰƠƇƱƺƯŻōŹŵƽƳƙřŵǀƴƘƯƂƷŚĩżƾŚºƣŵŹŵŵŹŵŹřŵƿƢÐÍ
ƹÓÍŹżţŻřŶƘŝƿŵƢƿƵŶřźŝŚƴŝŶƃƿŤƳƲǀƶŬƽƱƺºƯŻōŹŵƂƷŚĩ
ƶŰƠƇƽƮƷƙřŵŚţƹŚŤſřŹǀƿƵŶƴƴĩŶƽŤƳǀƶŬƽŵŹŵŹŵƂƷŚºĩ
ŻŚƟŵŚůƿƫŚƯźƟƱƺƯŻōĨǀºƯƲƾŶºƃŚŝƶŤƀºƷƽLPGiřŹřŵƽ
ƹƱřŹƹōŻƱřźŝřƹƿŵŚƽŢưƀºƣƶŝŚºƷƽƹŢºſřżºƜƯƞºƬŤŴƯ
řŹřŵƽŶƴģƿưƀºƳřźţƹŹƺƳƲǀºƯźŤƾƂºƤƳƭřŶºĩźºƷƶºĩŶºƃŚŝ
ƟǀżƿĥƺƫƺƿĪƾƇŚųƾƳƺţƹźºſƶƬưūŻřŶƳŹřŵǀŚºƷŹŚŤƟŹŹŵƲƽ
ŵŹŵƽŤſřǀƫƺĩƪǀƔƴţŹŵƲǀŞƬƣšŚưƾƳƹŵŹŵƹǀźŤƿŚƀĩřĨƿŶ
ƹōƫŚºƳŹŵǀŤƗřƹŵŹŵžºůŹŵƲºǀŶºƳŹřŵƂºƤƳŵŚÏÍƹÖÕ
ſŹźŝƾŚƷƽºƠƬŤŴƯƾƶŤƀºƷšřźºŧřŵŹƺºƯŹŵŚºƷƽżºƜƯƽźºŝ
ƳŚĪƯǀƮƀŚƷƽřŹŵƶºĩŢºſřƵŶƃƭŚŬƳřŵŹŵºƿºſŹźŝƲƾŻřŚºƷ
ƩŶƯŚƷƽƴĤưƷƹŵŹŵƞŤƬŴƯǀƲƁƹŹŚƷƽºƠƬŤŴƯƾƵŵŚƠŤºſř
ŢſřƵŶƃŝźŧřƱƺƴĩŚţŚƯřǀƀŰƾƶŤƀºƷƽLPGiŹƎºſƺţºƿż
ŹżţƿƢƲǀƿŚƧƹŶǀƫƫŚƯźƟƱƺƯŻōŹŵǀƶŰƠƇƹƲƽƵŶƄƳƭŚŬƳřƙřŵ
ºſřŢƱƺºƯŻōƫŚºƯźƟǀřŦºƗŚŝƲƿŵŚºŬºƿƶºƬůźƯƹŵŵŹŵĨřƽ
ƯƾĭŵŚůƱŶƃƩŚƘƟźŧřŹŵƱōƩƹřŻŚƟƶĩŵƺƃǀƵŶƳźŚºƷƽŵŹŵ
ŰƯǀƐƾŲſŚěźŧřŹŵƱōƭƹŵŻŚƟƹŚºƷƽŝŚºƸŤƫřƾºƿſŚƀºůŚǀŢ
ƂŴŝŚƷƽżĩźƯƽƜţƹǀǀſšřźǀƀěŚƴƾřƿƯŵŚŬƾƁŹřżĭƹŵƺƃ
ƶƬůźƯƶĩŢſřƵŶƃƽřƿřŻŚƟźŤƴƿƳƱƺƯŻōƲºǀżºƿůźƯĨƶºƬƽ
ƳŚĪƯŽŚſřźŝƹƵŵƺŝƩŚƘƟǀƮƀŚƷƾƿŹŚƸƯƽºƯƪºƇŚůƾŵƺºƃ
ƫŚƯźƟƱƺƯŻōǀƶºŝƲŚºƃšŹƺºƇƿƘƾƩŶºƯŹŵŚºƷƽƹŵŚºůŵŹŵ
ƳƺţǀƷŚĭƹĨƾŝŚƸŤƫřŵŹŵŹŵšŚƣƹřƾƹƲƯżºƯƹºƿŵŹŵźºěŚƽ
ƯŹřźƣƵŵŚƠŤſřŵŹƺƯƾĭǀŵźřźŝŚƴŝƿƯƲƾŝƱřƺţǀƱƺƯŻōƶĩŵźĩƱŚ
ƫŚƯźƟǀƯżƯƮƷƹŵŚůŵŹŵźĮƳŚƄƳƮƷƲºƯƲƾŶºƃŚŝÏÎƹÎÔ
ÎÒÎÍřźŝƿƹŽŚſřƲŚŤƳźŝŚƴŝƿŪōŚƯŻƿƯŚƯƂƾŝƱřƺºţºǀƱŚ
ƫŚƘƟƶĩŵźĩǀŢŚƷƽƱƹŹƺƳŚƷƽĥřŹŚěƶŤƀƷƿŹǇƺƬſƺŤƳŚĮƿƶĩž
ƜţŦƗŚŝǀǀŚƷŹŚŤƟŹŹŵźƽŵŹŵƽŻŚƟŹŵƿřĨƿřŶºŤŝřƹŻŚºƟźŤƴƽ
ƫŚººƯźƟƱƺººƯŻōƹŵŻŚººƟǀŢººſřƵŶººƃƲřŹŵƿŵŚººůŵŹŵŵŚººŬ 
ƶƬůźƯƽřƩŚƘƟƿƟźŤƴƴĤưƷƹŻŚǀƂºŴŝźºŝƲŚºƷƽƫƹřºǀƶƽŵŹŵ
ƯŹřŸĭźŧřƲƯżƯƾŤƳŹŵƹŶƃŚŝǀřŵźĪƬưƗŹŚƸƯŚŝƶŬºƿƶŤƀºƷƲ
ƄŴŝƹŵŚůŵŹŵƾŵƹŶůŚţƲƯżƯŵŹŵŻřƽºƯŹŚƸƯƾŵƺºƃŹŵ 
ƤŰţǀƤƾ ſŹźŝŹƺƔƴƯƶŝƶĩƾźŰţźŧřºƿĨ źŤĪƫřƿºĪƾ ƶŤƀºƷƽ 
ĥřŹŚěƿŹǇƺƬſƺŤƳŚĮƿž ŞƳŚūƾ źŝ ƶƳŚŤºſōƽ ŵŹŵ ŵŚºů Źŵ ƁƺºƯ 
řźŰƇƾƿ ƳŶƃƭŚŬƳřźźŰţƿĨ źŤĪƫřƿºĪƾ řºƿƲ ƶŤƀºƷ ŦºƗŚŝ 
ƂƷŚĩ ƶºŝŲºſŚě ŶºƃŵŹŵƫŚºůŹŵƾźŴţƶºĩºƿŜŞºſƱōŜ
ŵŹŵźěƽřƶĩŶƃƿƲ ŚŤƳƿŪ Śŝ Śſƿź ƁŹřżĭŚƷ ƶĩ ŝºǀźĮƳŚ řżºƟřƿƂ
ħŹŵ ŵŹŵ Źŵ źŧř ħźŰƯŚƷƽ ŹƹōŵŹŵ Źŵ šŹƺºƇ źŴţºƿŜ řºƿƲ
ƶŤƀƷƯƾŶƃŚŝŢſřŚŤſřŹƮƷŚŤƳƝǈŤųřƹƿřŚŝŪºƿƤŰţƲºǀƢ
ƯƾŶƳřƺţƃŚƳƾƛƁƹŹŻřǀƶŤƀºƷƱŵźĩƩŚƘƟźƽLPGiƹŵŹŵ
ƤŰţǀŶƃŚŝƵŶƃźĩŷƢçèƹçç.řƿƲƲºĪưƯŢºſřžĪƘƴºƯ
ƵŶƴƴĩƽšƹŚƠţŹŚƄƟƀƯǀźŚƷƽƞƬŤŴƯŹżţºƿƢšƹŚºƠţºŝǀƲ
ƩŶƯŚºƷƽŵŹƺºƯƵŵŚƠŤºſřšƹŚºƠţŹŵƁƹŹƜŤƯƹǀŚºƷźŶºƴƳŚƯ
ŚƴƃƹŹƾƿřŶƇƺŝŢºſŵƱŵŻƶºŝƂƴºţºƿŚŝǀºƃƺƸƾƪºŞƣŻř
ŹżţƿƢƫŚƯźƟǀƲŶƃŚŝřŹŵƿƶŰƠƇƱƺƯŻōŻřƶƘƫŚƐƯƲƽƶºŝƙřŵ
ſŹźŝŹƺƔƴƯƾŵźĩƵŵŚƠŤſřŵŚůŵŹŵƿƮƱƺģƶŰƠºƇƱƺºƯŻōƽ
řźŝƙřŵƽŻŹřƿŝŚƾŵŹŵřŹřŵƽřżƯƿŚƽƗǀƴƾƱŵƺºŝƱŚºſōƱŵƺºŝ
řźŝƽƬŝŚƣƵŵŚƠŤſřǀƶºŝŲºſŚěƲŤƟźºĭƵŻřŶƳřƹŹźĪƯƵŵŚƠŤſřŢ
ŮƐſŹŵŵŹŵ ǇŚŝƽƗŚŴƳƾƯƾřźºƃŹŵƶŤŞƫřƹŶƃŚŝƿƐƾŢºŰţ
ŧŚţǀŚƷŹƺŤĩŚƟźƽŰƯǀƐƾƮƷƯŹřźƣƾĭǀŵźřƿƲƿŚưţĨƿƮºƸƯż
ŢƀţŻřŚƷƽƀĪƬƟŹƾŵŹŵƶŝƄºĩƩŚºŨƯƱřƺºƴƗǀƭŵƱŶŢºſř
ǇŚŝŮƐſŹŵŵŹŵƶĩřźģƽƗŚŴƳƾŶƘţƿřƹƵŶƃƪºƿŶºƘţƲƿƪ
žĪƬƟŹŻřšƹŚƠŤƯŵŹŵŚƷƽŵŹŵƽºƯƕŚºŴƳŮƐºſŹŵƾŶºƃŚŝ
çêƹçé řŹŵºƿŹŵƶºƘƫŚƐƯƲōƶŰƠºƇƱƺºƯŻƽŵƂƷŚºĩƙř
ƴƘƯƾŚƣŵŹŵřŹŵŹŵŹřŵƿƢèåƹëåŹżţŻřžºěºƿƢƲǀƿŚƧƹŶºǀƫ
řƶĩŵřŵƱŚƄƳƿŚţƖƣřƹŹŵƂƷŚĩƲǀƿƵŶƴƴĩŶřƽŹŵŵŹŵƂƷŚºĩ
ƫŚƯźƟƱƺƯŻōƩƹřŻŚƟǀƱŚƄƳƶĩƲºƯŢºſřŵŚůŵŹŵźĭƾŶºƃŚŝ
ƱřŹŚƨưƷƹƽźƸƯŹŻƽŹŵĥřƲƀů 
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ƦƿƺƫƩŚſŹŵƂƳřŹŚĪưƷƹÎÖÕÔŹżţƶºĩŶƳŵřŵƱŚƄƳºƿƹŵƢ
ƳƺĭŚŤƳōƶƟźƏǀŚŝŚĭŢƀŝǀƫƺĩƺĪǀƲůŚƳƶŝǀƵŶƃŵƹŶŰƯƶřƽŻř
ƶŤƀƷƽLPGiůŚƳŹŵǀƶƽưĪƃƾƯǀƳŚƾƯŵŜƐƣƶŝŢŞƀƳƾ
ƶŤƀƷƽƃŚƟǀƩŚřżƟřŜŞſƿƂŚţŹŵųǀƄºĩŲºſŚěźǀŹŵƭŵƱŶ
ƯřŻŵŹŵƹźƌƯšŹřźůƩŚŞƣƾŵƺƃºŝŚºŝŚŤſřŹƮƷƶĩƾŵŹŵƽ
řŹŵƵŶƃƵŶƷŚƄƯƿƯƶƘƫŚƐƯƲƾŶƃŚŝŝƾŵŹŵƽŚºŝƵŹřƺưƷºƿĨ
řżƟřƿƯŹŵƂºǀĮƳŚǀƲĭźųźºſƱƺºųŹŚƄºƟƾŵƺºŝƵřźºưƷŚºƯř
ƵŹƹŵƽƳŚºƯŻƾƜţºǀǀºŞƬƣšřźƾºƣƹźƗƾƜţƹºǀǀºŝšřźƾŵŹŵƽ
ŵƺŝšƹŚƠŤƯƱōŹżţƶºĩŶºƳŵřŵƱŚƄºƳŚƷºƿŤƳřƺĭƢºǀŶƿŲºſŚěƲ
řżƟřƿºƯŹŚƸƯřŹƱƺųŹŚƄƟƂƾŶºƴĩźºŧřŚºƯřƽšŶºƃźºŝºƿŚ
ƵŹƹŵƽƳŚººƯŻƾººŝƾŵŹŵƽŹžĪƗźººŝƹŵŹřŶººƳººƿŹżţżººƿƢ
ƟǀŤſƹżǀưĮǀƶŝƲLPGiºƿŚěĨřżºƟřŲºſƿƱƺºųŹŚƄºƟŹŵƂ
řƿºƯŵŚŬƾŶºƴĩƜţŚºƯřºǀǀźƽųŐºţŹŵǀƄºĩŹŵźǀřƭŵƱŶƿŵŚºŬ
ưƳƾŶƴĩÏÔƹÏÓƯřŸƫƾŤƳƱřƺţǀƶŤƀºƷŹŵƶºĩŢºƟźĭƶŬƽ
LPGiŵźĪƬưƗšŚŬŤſŵƽţƹŚƠŤƯƾƱƹŹƺƳŻřŶºƳŹřŵŵƺūƹŚƷ
ţźţƶŝƶĩǀřŜƿºŝŵŚŬƾŵŹŵƽƜţƹºǀǀƫŚƘƟŹŵźºǀŹƺºţƺƯƹŻřƹŢ
ƯƾŶƴĩƫŚƘƟºǀŹŵƭƹřŶºƯŢƱƹŹƺºƳŻřƕƺºƳƹŵźºƷƎºſƺţŚºƷ
ŧŐţǀŹŚºƸƯšřźƽƱƹŹƺºƳŚºƷƽĥŹřŚŝŚĭºƿºƔƴţĨǀºƯƮƾƹŵŵźºĭ
ƶºŝƱƹŹƺºƳƵƹǈºƗŚºƷƽºŞƬƣƾºƣƹźƗƾŵƹŹƹƽŚºƷƽźŰţƿºĪƾ
ƫƺĩǀĥźƴƿŹŵĨƿƯŢƟŚƾŚưƳƿŶƴŵƵƹźºĭƿźºĮƽźºŝšŚºƘƫŚƐƯŻř
ƹŹƽƶŤƀƷƽLPGiƶŝºſŹźŝŹƺƔƴƯƾºŝŹŵƱōƂºƤƳƾŵŹŵƽ
ƃŚƳƾŝŻřƾƀůƾŶƃƭŚŬƳřřŹŵƿſŹźŝƲƾƄºĩŲºſŚěǀƭŵƱŶ
źŰţƩŚŞƣŹŵƿźŤĪƫřĨƿĪƾƶŝƭŵŢſƺěŹŵŵŹŵƆųŚºƃƱřƺƴƗ
ŶƃƶŤƟźĭźƔƳřƿƯƱŚƄƳƶƘƫŚƐƯƲƾźŰţƶĩŶƷŵƿźŤĪƫřĨƿĪƾ
LPGiŝƾŵŹŵƽŝŻřƪƇŚůƾƀºůƾřżºƟřřŹƿºƯƂƾŹŵŶºƷŵ
ƫŚůƾſōƶĩǀƶŝŜLPGiƯƂƷŚĩřŹƱōƾŶƷŵƯŚưţƾřºƿƲŚºƷ
ƯƱŚƄƳƾƶĩŶƷŵLPGiŝŹŵƾŵŹŵƽƃŚƳƾŝŻřƾƀºůƾƂºƤƳ
ŵŹřŵÏÕĩŚţƹǀŶƽŶƘţźŝƿřƎſƺţŵŹŵƪƿƯƶŤƀƷƲƾŶºƃŚŝ
ƕƺưŬƯŹŵƶŤƀƷƽLPGiƶŝƶºƤƐƴƯƦºƿƱřƺƴƗƽƾƨǀţŚĜưºſ
ƾƯƪưƗżƜƯŹŵƾƨƿźŰţŚưƳƿŶřƶŝƿţźţƲǀŜLPGiƶŝƱřƺƴƗ
ƶƤƐƴƯƥźºŰƯźºŝřźŝŹŵƱŶºŝƱŵźƧƵŵŚƯōƽřźŝƽřƹƾºƳōƽŚºƷ
żƿźĭƹĬƴūƾƗŚƟŵŲſŚěƶºƗƺưŬƯƦƿŻřƾƄŴŝšŹƺƇƶŝ
ƾƯƂƤƳƽŚƠƿřƽŵźƨƬưƗŶƴƧ

ƶŬǀŤƳƽźǀĭ
ƶŝƶƐſřƹƽLPGiŢǀƫŚƘƟƲǀŝƾƳŚƯŻƍŚŞţŹřƕƺƳƦƿƽŚºƷ
ŢǀƫŚƘƟƹƾƨǀţŚĜưſƶŤƀƷƽŚƷ LCŵŹřŵŵƺºūƹºƳƺƱƹŹƽŚºƷ
ƶŤƀƷƽPGiƶŝƥźŰƯƽŚƷƥŚƳŵŹŵŲſŚěƵŵřŵƾƨƿŻřżƧřźƯ
ƮºƸƯřŹřºƿƶƵŶºƴƴƧƭŚºǀěƽŚºƷŵŹŵƹšŚºƗǈƏřƾƀºůƽźºƨǀě 
ƶŝLCƾºƯŶƴºƃŚŝřŸºƫLPGiƶºƤƐƴƯƦºƿƽƽřźºŝƽŶºǀƬƧ
ƖưūŢºǀƫŚƘƟƱŵźºƧŜºſŚƴŤƯƹƽŶºƴŝƶŤƀºƷŹŵŚºƷƽ LCƹ
ƮŤƀǀſŢſřƾƨǀţŚĜưſƽŚƷƶŤƀƷŵƺųƶĩƽLCưƸƯƂƤƳƾ
ěŹŵŵŹřŵŵŹŵƁŻřŵźŝŢſřƲĪưƯƹƾƀůƾřƿŜŞºſƶƤƐƴƯƲ
ĭƺƬūǀźƽƶŤƀƷƶŝšŚƗǈƏřŵƹŹƹŻřƽLCŵƺƃŚºƯřŹŵºƿƲ
ŵřŵƱŚƄƳƂƷƹĦěƿŝƶĩƮƾŞƳŚºūƂºŴŝƱŵźĩžůƾƶŤƀºƷƽ
ĥřŹŚěƿŹǇƺƬſƺŤƳŚĮƿƎºſƺţžƲǀƿŚƧƹŶºǀƫºŝŦºƗŚŝƾŵŹŵƽŹŵ
ƫŚƯźƟƱƺƯŻōǀƱƺƯŻōƹƲƶŰƠƇƽƙřŵŶƃřƂƤƳƶĩƿƶŤƀºƷƲ
ŹŵřŹŶƘţƹƁŻřŵźěƿƳƺţƹŵŚůŵŹŵƪǀƯƶŤƀūźŝĨƾŶƴĩ

źƨƄţƹźƿŶƤţ
śƺƈºƯƾţŚºƤǀƤŰţŭźºƏŻřƾƄºŴŝƪºƇŚůƶºƫŚƤƯƲºƿř
ƺŬƄƳřŵƾƿƵŶĪƄƳřŵŹŵƽěƹŢƃřŶƸŝǀĪƃżěřźƾƭƺƬƗƵŚĮƄƳřŵ
ƹżƣƾƨƃżěƿƾƯƲƺƳƹŶºƃŚŝºƿƮƳŚºųŻřƶºƫŚƤƯƱŚĭŶƴƀưƫřºǀřź
ưſŚƣƾƹƽŚƣōƳǀůŚưǀŹŶƽƤŬƳŹƹřƾƳřŵŹŶƣƾƯƾŚưƳƿŶƴ

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Background and Objectives: There have been many studies done to recognize the mechanism of controllingpain. 
However, there are still a lot of un-answered questions about initiatory nervous centers in expressing nociceptive 
behaviors and pain modulation.  The nuclei ofparagigantocellularislateralis (LPGi) participate in different 
functions like adjustment of blood circulation, withdrawal syndrome, and pain perception. In this study, we 
investigated the effect of transient inactivation of the LPGi nucleus on formalin-induced nociceptive behaviors as 
a tonic pain model, and also the hot plate test as an acute pain model in rats. 
Material and Methods: A total of 30 adult male Wistar rats (200-250 g) were used in the study. The formalin test 
(50 ìl, 2%) was used to evaluate the effects of temporary inactivation by lidocaine into the LPGi nucleus on 
formalin-induced nociceptive behaviors and hot plate test (adjusted in 52+0.1 centigrade). Animals were divided 
into four groups: control, sham, vehicle, treatment for the formalin test, and vehicle plus treatment for the hot-
plate test. A week after the surgery, saline and lidocaine were injected into the LPGi, and the nociceptive 
behaviors for the formalin test and hot plate were recorded. For analysis of the data, we used t-test and ANOVA 
followed by theTukey post hoc test. 
Results: Lidocaine injection decreased nociceptive behaviors in phase 1, interphase, and the first part of phase 2 
in the formalin test compared to the saline group. Also, in the hot plate test, lidocaine injection into the 
LPGinuclei caused a significant increase in the noxious response compared to the saline group in the minutes 30 
and 60. 
Conclusion: Our results suggest the probability of involvement of the LPGi nucleus incausing formalin induced 
nociceptive behaviors and also acute pain. 
 
Keywords: Nucleus paragigantocellularislateralis, Lidocaine, Formalin test, Hot plate test 
 
